Caspase plays an important role in apoptosis. We report here that farnesyltransferase/geranylgeranyltransferase (FTase/GGTase)-a, a common subunit of FTase (a/ b FTase ) and GGTase I (a/b GGTase ), was cleaved by caspase-3 during apoptosis. FTase/GGTase-a (49 kDa) was cleaved to 35 kDa (p35) in the Rat-2/H-ras, W4 and Rat-1 cells treated with FTase inhibitor (LB42708), antiFas antibody and etoposide, respectively. This cleavage was inhibited by caspase-inhibitors (YVAD-cmk, DEVDcho). Serial N-terminal deletions and site-directed mutagenesis showed that Asp59 of FTase/GGTase-a was cleaved by caspase-3. The common FTase/GGTasea subunit, but not the b subunits, of the FTase or GGTase I protein complexes puri®ed from baculovirusinfected SF-9 cells was cleaved to be inactivated by puri®ed caspase-3. In contrast, FTase mutant protein complex [(D 59 A)a/b FTase ] was resistant to caspase-3. Expression of either the cleavage product (60-379) or anti-sense of FTase/GGTase-a induced cell death in Rat-2/H-ras cells. Furthermore, expression of (D 59 A)FTase/ GGTase-a mutant signi®cantly desensitized cells to etoposide-induced death. Taken together, we suggest that cleavage of prenyltransferase by caspase contributes to the progression of apoptosis. Oncogene (2001) 20, 358 ± 366.
Introduction
Apoptosis is a highly regulated cellular suicide mechanism that controls development and homeostasis in multicellular organisms. Inappropriate onset or defects in sensitivity to an apoptotic stimulus can give rise to a number of clinical conditions, including neurodegenerative disorders, autoimmunity, and cancer (O'Reilly and Strasser, 1999; Tatton and Olanow, 1999; Zhivotovsky et al., 1999) . Caspases, a highly conserved family of cysteine proteases, play a critical role in mammalian cell death (Yuan et al., 1993) . Thus far, 14 members of the caspase family have been identi®ed, each with distinct substrate recognition properties (Alnemri et al., 1996; Humke et al., 1998; Ahmad et al., 1998) . The critical role of caspases in apoptosis has been shown in cell culture and animal models with inhibitors or caspase mutation. Caspase inhibitors have been shown to suppress apoptosis induced by various signals including Fas, tumor necrosis factor (TNF)-a, growth factor withdrawal, etoposide, or disruption of the extracellular matrix (Thornberry and Lazebnik, 1998; Nunez et al., 1998) . In addition, caspase-3, -9, and -12 (7/7) mutant mice show decreased apoptosis, resulting in altered nervous system development (Kuida et al., 1996 (Kuida et al., , 1998 Hakem et al., 1998; Nakagawa et al., 2000) .
Caspases are synthesized as inactive proenzymes and activated to speci®cally cleave both relevant cellular substrates and zymogens to progress apoptosis (Margolin et al., 1997; Thornberry and Lazebnik, 1998; Nicholson, 1999) . Thus, a key to understand the molecular basis of apoptosis likely lies in the identi®cation and characterization of critical caspase substrates. Identi®ed caspase substrates include the ICAD (Sakahira et al., 1998) , amyloid-b precursor protein (Gervais et al., 1999) , the retinoblastoma gene product (Janicke et al., 1996) and gelsolin (Kothakota et al., 1997) . While it is known that in some cases proteolysis activates caspase substrates and in others it inactivates or destroys them, the crucial substrate proteins that coordinate cell death are as yet uncharacterized.
Protein prenylation, which is catalyzed by FTase and GGTase, modi®es and regulates the activity of many proteins important for cell proliferation and survival, including Ras, Rho, and brain type I inositol 1, 4, 5-triphosphate 5-phosphatase (Zhang and Casey, 1996; De Smedt et al., 1996) . Inhibition of prenylation with inhibitors including FTI, GGTI-298, or lovastatin has recently shown to cause growth arrest and promote apoptosis Jansen et al., 1997; Suzuki et al., 1998; Stark et al., 1998; Sun et al., 1999; Ghosh et al., 1999; Feldkamp et al., 1999) , suggesting that prenylation is an important step in the survival signaling cascade. Here we show that FTase/GGTasea, a common subunit of heterodimeric FTase (a/b FTase ) and GGTase I (a/b GGTase ), is cleaved by caspase-3 in vitro and in vivo to be inactivated during apoptosis, which may help us to understand how the prenylation signaling responds to apoptosis.
Results

FTase/GGTase-a subunit is cleaved by caspase during apoptosis
In order to evaluate FTase/GGTase-a as a potential caspase substrate, proteolytic cleavage of FTase/ GGTase-a was examined during apoptosis. W4 cells, a mouse lymphoma cell line expressing the Fas receptor, were induced to undergo apoptosis by treatment with anti-Fas antibody (Jo-2). After determining cell viability, cell lysates were prepared to examine the cleavage of FTase/GGTase-a by Western blot analysis (Figure 1) . Viability of the W4 cells was 88% at 1 h and decreased to 18% at 4 h after treatment with anti-Fas antibody (Figure 1a ). The cleavage of full-length (49 kDa) FTase/GGTase-a protein into a 35 kDa fragment (DFT/GGT-a) was ®rst detected in cells showing 88% viability. The cleavage pattern of FTase/GGTase-a was further examined in Rat-1 and Rat-2 ®broblasts transformed with oncogenic H-ras (Rat-2/H-ras) (Figure 1b,c) . Incubation of Rat-1 cells with etoposide readily induced cleavage of FTase/GGTase-a, which was already detectable in cells with 94% viability (Figure  1b) . Exposure of Rat-2/H-ras cells to FTase inhibitor (FTI: LB42708, IC 50 =2.5 nM) produced a 35 kDa fragment in apoptotic cells (50% viability at 10 mM FTI) (Figure 1c) . These results indicate that FTase/ GGTase-a subunit is cleaved during Fas-, etoposide-, and FTI-mediated apoptosis.
To investigate whether FTase/GGTase-a was cleaved by caspase, W4 cells were incubated with Jo-2 antibody in the presence of YVAD-cmk or DEVD-cho ( Figure  1a) . Preincubation of W4 cells with caspase inhibitor suppressed Fas-mediated apoptosis (viability, 18 to 84 ± 87%) and the cleavage of FTase/GGTase-a in the cells, indicating that FTase/GGTase-a is cleaved by caspases in the apoptotic cells. Examination of proteolytic activation of caspase with Western blot analysis showed that caspase-3 was activated in W4 cells showing 88% viability (Figure 2 ) and preincubation of cells with YVAD-cmk inhibited proteolytic processing of caspase-3. In contrast, addition of DEVD-cho, which suppressed the cleavage of FTase/ GGTase-a (Figure 1a) , did not inhibit the processing of Figure 1 Cleavage of the a subunit of the prenyltransferase, FTase and GGTase I, by caspase during apoptosis. (a) FTase/ GGTase-a (FT/GGT-a) cleavage by caspase in W4 cells undergoing apoptosis. W4 cells were preincubated with or without 100 mM YVAD-cmk (YVAD) or DEVD-cho (DEVD) for 2 h and then treated with 300 ng/ml anti-mouse Fas antibody (Jo-2) for 0, 1, 2 and 4 h. Cell lysates were analysed by Western blot using anti-FTase/GGTase-a antibody. For each time point, the corresponding cell viability, as determined with trypan blue assay, is indicated at the top. DFT/GGT-a indicates the truncated 35 kDa fragment of FTase/GGTase-a. (b) Cleavage of FTase/GGTase-a in Rat-1 cells. Rat-1 cells were incubated for the times indicated at the top with etoposide (30 mM) and analysed for cell viability and cleavage of FTase/GGTase-a. (c) Rat-2/H-ras cells were treated with 5 or 10 mM FTase inhibitor (FTI: LB42708) for 8 h (lanes 2,3) and recombinant FTase/GGTase-a subunit was incubated with 10 nM caspase-3 (casp-3) (lane 5). The reaction products were examined for the cleavage of FTase/GGTase-a with Western blot analysis caspase-3, indicating that a YVAD-inhibitable protease may act upstream of caspase-3 to process caspase-3 into its active subunits.
Mapping of FTase/GGTase-a cleavage site: Caspase-3 cleaves at Asp59 of FTase/GGTase-a To con®rm that a 35 kDa fragment (DFT/GGT-a) is a cleavage product of FTase/GGTase-a, COS-7 cells were transfected with rat FTase/GGTase-a tagged with hemagglutinin (HA) and exposed to etoposide or staurosporine ( Figure 3 ). As shown in Figure 3b , anti-rat FTase/GGTase-a antibody only recognized the transfected rat FTase/GGTase-a and detected a 35 kDa fragment in the apoptotic COS-7 cells ( Figure  3b Caspase cleavage requires an Asp residue at position+1 relative to the cleavage site in the recognition motif of caspase (Margolin et al., 1997) . The antiFTase/GGTase-a antibody recognized the C-terminus of FTase/GGTase-a, indicating that cleavage occurred near the N-terminus. There are three Asp residues near the N-terminus of FTase/GGTase-a for the potential cleavage site. To determine the caspase cleavage site, three N-terminal deletions starting at each of these Asp residues in FTase/GGTase-a were constructed ( Figure  3a ). COS-7 cells were then transfected with these Nterminal deletions (DFT/GGT-a) and subsequently exposed to staurosporine or etoposide. Western blot analysis with anti-rat FTase/GGTase-a antibody showed that the 35 kDa fragment migrated between the Asp59 and Asp82 deletion constructs ( Figure 3b ). Because HA tag (16 amino acids) was attached at the N-terminus of the FTase/GGTase-a deletion, the HAtagged proteins were expected to migrate slower than the corresponding cleavage products.
We then replaced Asp59 with Ala using site-directed mutagenesis, and the resulting (D 59 A)FTase/GGTase-a mutant were expressed in COS-7 cells. Subsequent exposure to staurosporine failed to induce cleavage of the (D 59 A)FTase/GGTase-a mutant (Figure 3c ). Therefore, Asp59 in FTase/GGTase-a may be the caspase cleavage site, though we could not observe apparent cleavage of D(1-53)FT/GGT-a. Incubation of 35 Slabeled FTase/GGTase-a with bacteria extracts con- Figure 2 Proteolytic activation of caspase-3 in W4 cells undergoing apoptosis. W4 cells were treated with anti-Jo-2 antibody in the presence or absence of 100 mM caspase inhibitors (YVAD-cmk and DEVD-cho) and the cell lysates were examined for activation of caspase-3 by Western blot using anti-hamster caspase-3 and anti-tubulin antibodies. For each time point, the corresponding cell viability is indicated at the top. The size of the detected proteins is indicated (p32 and p18) taining activities of caspase-1, -3, -8, or -11 showed that caspase-3 substantially cleaved the 49 kDa FTase/ GGTase-a into 35 kDa fragment (Figure 4a ). However, (D 59 A)FTase/GGTase-a mutant was found to be resistant to the cleavage by the puri®ed caspase-3 (Figure 4b ), indicating that caspase-3 cleaves FTase/ GGTase-a at Asp59 in vitro.
FTase and GGTase I enzymes are inactivated by caspase-3
In order to examine whether the cleavage aects FTase and GGTase I activities, FTase/GGTase-a subunit was co-expressed with FTase-b subunit (b FTase ) or GGTase I-b subunit (b GGTase ) in baculovirus infected SF-9 cells and puri®ed. The heterodimeric FTase (a/b FTase ) and GGTase I (a/b GGTase ) were incubated with caspase-3 and visualized with Coomassie blue staining after SDS ± PAGE (Figure 5a ). Caspase-3 cleaved the common 49 kDa FTase/GGTase-a subunit into a 35 kDa fragment (lane 2 and 5), which was blocked by the caspase inhibitor DEVD-cho (lane 3 and 6). In contrast, the b subunits of FTase and GGTase I were not cleaved by caspase-3. The cleavage of FTase/ GGTase-a was con®rmed by Western blot analysis using monoclonal antibodies to FTase/GGTase-a (data not shown). When enzyme activities of FTase and GGTase I were measured from the reaction mixtures, cleavage of FTase/GGTase-a subunit by caspase-3 abolished FTase and GGTase I activities in vitro The notion that FTase/GGTase-a was cleaved in vitro and in vivo by caspase led us to investigate whether protein prenylation was reduced during apoptosis. We examined proteolytic processing of Ras at the C-terminal CAAX motif, which was induced by farnesylation, in Rat-2/H-ras cells upon treatment with etoposide ( Figure 7 ). In the presence of lovastatin, which blocks Ras processing by inhibiting a rate limiting step in isoprenoid biosynthesis, unprocessed Ras protein migrated more slowly than the processed Ras of control cells. Treatment with 50 mM etoposide reduced Ras processing, indicating that Ras prenylation was reduced in cells undergoing apoptosis.
Expression of the cleavage product or cleavage resistant mutant of FTase/GGTase-a affects cell viability
We have then addressed whether overexpression of the cleavage product of the FTase/GGTase-a exerted eects on cell death (Figure 8a ). While Rat-2/H-ras cells transfected with pcDNA3 (control), FTase/ GGTase-a (sense), or HA-tagged FTase/GGTase-a (sense) showed background levels of cell death (9 ± 11%), expression of FTase/GGTase-a (anti-sense) increased cell death twofold (22%). Interestingly, expression of D(1 ± 59)FTase/GGTase-a signi®cantly increased cell death rate to 18%.
We then examined the eects of expression of the cleavage resistant mutant, (D 59 A)FTase/GGTase-a, on apoptosis. Rat-1 cells were transiently transfected with plasmids expressing FTase/GGTase-a or (D 59 A)FTase/ GGTase-a mutant and then exposed to etoposide (Figure 8b ). Determination of cell viability showed that Rat-1 cells expressing (D 59 A)FTase/GGTase-a mutant became resistant to cell death compared to FTase/GGTase-a (21 and 31% of cell death, respectively). These results suggest that the cleavage of FTase/GGTase-a may contribute to progress of apoptosis.
Discussion
Inhibition of the protein prenylation step is known to cause tumor regression in transgenic mice (Barrington et al., 1998; Norgaard et al., 1999) and to induce apoptosis in vitro (Sun et al., 1995; Lebowitz et al., 1997; Miquel et al., 1997; Bernhard et al., 1998; leading to development of a new class of anti-cancer drugs. In our results, prenylation appears to be required for prosurvival signals: While inhibition of prenylation activity with FTI or expression of antisense FTase/GGTase-a induced cell death, expression of the cleavage resistant FTase mutant attenuated cell death evoked by etoposide in Rat-1 and Rat-2/H-ras cells. We also observed inhibitory eects of apoptosis on the processing of Ras, caused probably by reducing the farnesylation, in apoptotic cells and inactivation of protein prenylation enzymes by caspase in vitro, implicating that in vivo cleavage of FTase/GGTase-a leads to inactivation of prosurvival function of prenylating enzymes and enhances or accelerates the apoptotic process.
Of many substrates for prenylation, farnesylation and geranylgeranylation of Ras and Rho subfamily, respectively have been shown to exert survival eects on various apoptotic signals. For example, tumor cells and transformed cells expressing the ras oncogene are highly resistant to apoptosis induced by ionizing radiation, E1A, c-myc, or disruption of epithelial cellmatrix (anoikis) (Lin et al., 1995; McKenna et al., 1996; Kaumann-Zeh et al., 1997; Rosen et al., 2000) , though Gulbins et al. (1996) reported that Ras is required for Fas-induced apoptosis. Inhibition of Ras prenylation may interfere with far down-stream apoptotic activities such as Bcl-2 family (Kinoshita et al., 1995; Scheid et al., 1999; Rosen et al., 2000) . In addition, increasing numbers of evidences for the potential roles of the geranylgeranylated protein such as R-Ras, RhoA, Rac1 and Cdc42Hc in apoptosis have been accumulated (Miquel et al., 1997; Stark et al., 1998; Ghosh et al., 1999; .
While both peptide inhibitors, YVAD-cmk and DEVD-cho, inhibited cleavage of FTase/GGTase-a during Fas-induced apoptosis of W4 cells, Western blot analysis showed that YVAD-cmk, but not DEVDcho, inhibited the proteolytic activation of caspase-3. This result suggests that YVAD-inhibitable protease is upstream of DEVD-sensitive caspase-3 (Figure 2 ), consistent with a delineation of caspase-cascade, although the exact pathway of caspase cascade activation is not yet fully understood (Thornberry and Lazebnik, 1998; Nunez et al., 1998) . DEVD-cho failed to suppress the proteolytic processing of caspase-3 but might inhibit the cleavage of FTase/GGTase-a probably by inhibiting caspase-3 activity.
Expression of the cleavage product of FTase/ GGTase-a (p35) increased cell death probably by interfering with the prenyl enzyme activities. The crystal structure of heterodimeric mammalian FTase determined at 2.25A Ê resolution showed that, although the Nterminal proline rich domain of the a-subunit (residue 1 to 54) is disordered in the crystal, two 3 10 helices (55 ± 69 and 70 ± 73) and a short b-strand (89 ± 91) are important for forming a stable heterodimeric complex (Park et al., 1997; Park and Beese, 1997) , implying that cleavage of the common a subunit at the residue Asp59 results in disruption of heterodimerization and consequently inactivation of the enzymes. In addition, we have examined interaction between FTase and Ras and mapped the region of the FTase/GGTase-a subunit that is responsible for binding to Ras using peptide competition experiments (manuscript in preparation). Two peptides, including residues 25 ± 46 and 49 ± 70 of FTase/GGTase-a, inhibited farnesylation of Ras by FTase, suggesting that the N-terminal region containing these two peptide sequences may be involved in the binding to Ras. Although we cannot rule out the possibility that cleavage products of FTase/GGTase-a may interact with other unidenti®ed prenylationindependent signaling pathways, our results imply that the N-terminus of FTase/GGTase-a is important for catalytic activity of the enzyme complexes and thus, that cleavage of FTase/GGTase-a during apoptosis facilitates apoptosis by blocking a prenylation-dependent survival signal. An analysis of prenylation-downstream events will help to further clarify the biological signi®cance of these observations in apoptosis.
Materials and methods
Reagents
Acetyl-Tyr-Val-Ala-Asp-chloromethylketone (YVAD-cmk) and acetyl-Asp-Glu-Val-Asp-aldehyde (DEVD-cho) were obtained from Bachem (Torrance, CA, USA). Etoposide, staurosporine, and all others were purchased from Sigma (St. Louis, MO, USA). Anti-mouse Fas antibody (Jo-2) and FTase inhibitor (LB42708) were obtained from Pharmingen (San Diego, CA, USA) and LG Chem. (Taejeon, Korea), respectively.
Plasmid construction
cDNAs for the human FTase/GGTase-a, FTase-b and GGTase I-b subunits were cloned by reverse transcriptionpolymerization chain reaction (PCR) from human Colo205 cells. Full-length and N-terminal deletions of rat FTase/ GGTase-a were generated by PCR with the primers either one of CCCGAATTCATGGCGGCCACTGAG (fulllength), CCCGAATTCGGGTTTCTGAGCCTG (D1 ± 53), CCCGAATTCTCGCCCACCTATGTC (D1 ± 59), or CCC-GAATTCGGCCCCAGTCCAGTG (D1 ± 82), respectively, and CGCTCTAGAGTCCACTTCTTCCAGCC. PCR products were subcloned into the EcoRI and XbaI sites of HApcDNA3 and pcDNA3 (Invitrogen) for transfection and in vitro transcription/translation. Full-length human FTase/ GGTase-a was also inserted between the NdeI and XhoI sites of pBacPAK8 (Clontech) for construction of a recombinant baculovirus (pBP8 ± FT/GGTa). FTase-b and GGTase-b were similarly inserted into pBacPAK8 to yield pBP8-FTb and pBP8-GGTb, respectively. A FTase/GGTasea (D 59 A) mutant was constructed by site-directed mutagenesis using Gene Editor mutagenesis system (Promega) and a synthetic oligonucleotide containing the mutation (GGTTTGTGAGCCTGGCCTCGCCCTCCTTATTC). Caspase cDNAs were ampli®ed by PCR using oligonucleotide primers CGCGGATCCTGGCACATTTCCAGGAC and CGCGGATCCTAAGGAAGTATTGGC for p30 domain of mouse caspase-1, CGCGGATCCGGAGAACACTGAA-AACTC and CTCGGATCCTACCATCTTCTCACTTGG for full-length of human caspase-3, and CGGGATCCTAGT-GAATCACAGACTTTG and CCGCAAGCTTATCAGAA-GGGAGACAAG for p30 domain of human caspase-8. The PCR products were subcloned into the BamHI site (caspase-1 and -3) or the BamHI and HindIII sites (caspase-8) of pET15b (Novagen). The EcoRI fragment of caspase-11 cDNA derived from pBSNO12 was inserted into pTrcHis (Introgen). All PCR products were con®rmed by DNA sequencing.
Cell culture, DNA transfection, and apoptosis assay Sf-9 cells were obtained from ATCC (American Type Culture Collection) and maintained in Grace's medium (GIBCO), supplemented with 3.3 mg/ml lactoalbumin hydrolysate (Difco), 3.3 mg/ml yeasttolate (Difco), 10% (v/v) fetal calf serum (FCS) (Hyclone Laboratories ), 50 mg/ml Gentamycin, and 0.1% Pluronic F-68 (GIBCO) in 125 ml Spinner¯asks (Techne, Princeton, NJ, USA). W4 cells were grown in RPMI-1640 medium (Life Technologies, Inc.) supplemented with 10% FCS. Rat-1, Rat-2/H-ras, and Cos-7 cells were grown in Dulbecco's Modi®ed Eagle Medium (DMEM) (Life Technologies, Inc.) with 10% FCS. Cells were subcultured at a density of 2610 5 per well in 6 well dishes 1 day before transfection. For each well, 1 mg of DNA and 8 mg of lipofectamine reagent (Life Technologies, Inc.) were used following a protocol from Gibco. To induce apoptosis, cells were treated with 300 ng/ml anti-Fas antibody (Jo-2), etoposide (60 mM), staurosporine (1 mM), and FTI (LB42708), and cell viability was determined with 0.4% trypan blue staining or FACS analysis.
Production of recombinant virus
To generate recombinant baculovirus. Sf-9 cells (2610 6 ) were transfected with 0.5 mg/ml of BaculoGold wild-type viral DNA (Pharmingen) and each 2 mg of pBP8-FT/GGTa or pBP8-GGTb. The virus from each transfection was harvested after 4 days and screened using a plaque assay as described (Summers and Smith, 1998) . Recombinant viruses obtained from this screen were subjected to two further rounds of plaque puri®cation.
Expression and purification of prenyl protein transferases in Sf-9 cells
Puri®ed recombinant viruses were used to infect Sf-9 cells at a multiplicity of infection of 2. Cells were harvested 48 h post-infection by centrifugation at 8006g for 15 min, washed once with phosphate-buered saline (PBS), and the resulting cell pellet was¯ash-frozen in a dry ice/ethanol bath. Cell extracts were prepared by thawing the cell suspension in 5 volumes of 20 mM Tris-HCl (pH 8.0), 1 mM EGTA, 1 mM DTT and by incubating the suspension on ice for 1 h, followed by homogenization in a Dounce homogenizer. The resulting extract was centrifuged for 1 h at 30 0006g, and the supernatant containing each prenyl protein transferase was subjected to column chromatography as described previously with minor modi®cations (Reiss et al., 1990) . Both FTase and GGTase I were puri®ed to essential homogeneity.
Preparation of cell lysates, antibodies, and Western blot anlaysis
Cell lysates were prepared and analysed by Western blot as described previously (Jung et al., 1996) using anti-mouse (Y-53) or anti-human (C-19) FTase/GGTase-a and anti-FTase-b antibodies (SC-137) (Santa Crutz). Human and hamster CPP32 monoclonal antibodies were from Transduction Laboratory (Lexington, KY, USA) and Dr J Goldstein (Cornell University), respectively. Anti-a-tubulin and anti-HA antibodies were purchased from Sigma and Boehringer Mannheim, respectively.
In vitro caspase cleavage reaction
For preparation of caspase extracts, bacterial plasmids expressing caspase were transformed into E. coli BL21(DE3). Exponentially growing cells were induced with 0.2 mM isopropyl-1-thio-a-D-galactopyranoside (IPTG) for 2 h, harvested, and lyzed by sonication in a buer containing 0.05% Nonidet P-40, 20 mM HEPES (pH 7.4) and 100 mM NaCl. The lysates were cleared by centrifugation and the protein concentration was determined with the Bio-Rad protein assay. When necessary, caspase-3 and -7 were puri®ed on Ni-agarose from bacterial extracts. Proteins from the plasmids were translated in vitro using the TNT system (Promega) in the presence of 35 S-methionine (Amersham). In vitro cleavage assay reactions were performed in a buer containing 0.5% Nonidet P-40, 20 mM HEPES (pH 7.4), 100 mM NaCl, and 20 mM DTT for 1 h at 378C and cleavage products were separated by SDS ± PAGE and detected by autoradiography.
FTase and GGTase I assay
